In November 1996 a yellow fever (YF) outbreak occurred near Ihffrine in the central part of Senegal. Thirtysix deaths were notified, all children under 15 years of age. The YF diagnosis was confirmed by MAC-ELISA or by virus isolation. The immune status against YF virus of a sample population of 449 individuals was determined, and 31 confirmed cases and 69 asymptomatic cases were reported. Distribution of YF cases and incidence rate decreased with age, while the attack rate was stable in all age groups. Larva indices were high and Aedes aegypti was common in all villages, causing man-to-man transmission. The greatest risk of YF disease was lack of immunity, especially in individuals <20 years of age. The outbreak was rapidly controlled by an emergency immunization campaign. YF epidemics occurred in Senegal over two consecutive years. The last outbrealc reached the main road to Dakar and the risk of spread to urban areas has increased.
Introduction
A safe and efficient vaccine against yellow fever (YF) virus has been available for 60 years. But due to the collapse of health care delivery systems in Africa, there has been a dramatic resurgence of YF epidemics over the last 10 years (Robertson et al. 1996) . Based on adjustments for under-reporting, WHO estimates that some 200 O00 yellow fever cases occur every year, mostly in subsaharan Africa. YF displays a pattern of recurring epidemics depending on the amplification of the sylvatic cycle and the prophylaxis undertaken in each country YF virus circulation could relate to the distribution of vegetation in West Africa, as proposed by Cordellier (1991) : the aren ofendemicity is the region of enzootic sylvatic circulation of YF virus, from rainforest to semihumid savannah, the area of epidenricity, where the virus does not circulate unless introduced by man, consists of dry and sahelian savannahs and between both lies the proposed zone of emergence, which varies depending on annual rainfall patterns.
Thus, three epidemic patterns are described. Sylvatic epidemics involve only wild vertebrates and sylvatic vectors. Urban epidemics result from man-to-man transmission by the domestic vector Aedes aegypti and occur within the epidemic area. The intermediate epidemic, the most common in rural 872 areas, consists of two successive phases: transmission by wild mosquitoes (Aedes furcifer, Aedes taylori, Aedes luteocephnlus) and relay by a domestic vector: Aedes aegypti (Cornet et al. 1977) . In the area of emergence, resurgent outbreaks depend on mosquito density and human immune patterns. In Senegal, a country which has included YF vaccine in the Expanded Programme of Immunization (EPI) for 9 years, YF epidemics occurred in 1995 (Anonymous 1996) and in 1996. This report describes the epidemiological and entomological features of the 1996 outbreak. Investigations were conducted from November 16th to 23rd by a three-party team including epidemiologists and virologists from the Institut Pasteur of Dakar, entomologists from ORSTOM and members of the national health authorities. Specific topics addressed are risk factors (primarily the possible lack of immunity), infection spread from this area and investigations based on serological studies.
Materials and methods

Study area
The epidemic area has a 20-km radius centred on Kaffrine (Casey 1969) . Antibodies against YF virus were performed on sera diluted 1/100: IgM were detected by MAC-ELISA as previously described (Lhuillier & Sarthou 1983) and IgG were detected by indirect ELISA. The specificity and sensivity of the neutralization test and IgG ELISA cut-off were compared previously (J. Thonnon, unpublished observation) .
Entomological studies
Mosquitoes were captured when landing for biting on immunized human volunteers between 1730 and 2100 h. Alternatively, they were collected after indoor insecticide spraying or use of outdoor CDC light traps. Adult mosquitoes were locally sorted and pooled by species and sex and stored in liquid nitrogen until virus isolation was attempted as for sera samples. Aedes larval development sites were investigated and larval indices were calculated as 
Results
Kaffriie hospital cases
The only hospital in the district had 14 YF cases: 5 probable and 9 confirmed ( (Figure 1 ).
Village investigations
During this YF outbreak, 36 fatalities were reported of which 24 occurred in villages. Table 1 gives the overall population, number of samples and distribution of cases according to the proposed case definition for each village investigated. Twenty-eight probable YF patients died before being investigated, only five of whom were hospitalized. All were under the age of 19. A total of 449 people were examined and tested for immunity to YF virus: 31 were confirmed cases and 69 asymptomatic. All had recently been infected with YF 3 virus (incidence rate: 22.3%, 95% CI:18.5-24.5) and consequently were not immune before the outbreak (Table 2) . Conversely, persons who had YF IgG without YF IgM were considered protected against YF by prior infection or immunization. The overall immunity rate before the outbreak was 60.4% (95% CI: 55.7-64.9). As shown in Table 3 , the distribution of cases was agerelated. The incidence rate and attack rate were calculated on the basis of serologically defined cases related to sampled people and nonimmune people, respectively The incidence rate decreased with age: about 30% in the youngest age groups and dropping significantly to 5.8% from the age of 20 years onward (xz = 53.2; P < 0.0001) and the attack rates were comparable in all age groups (average rate: 56.2%, a74J. Thonnon 'non appreciated 
Discussion
This outbreak was the second occurring in Senegal in two years; the first one happened in Koungheul, in October 1995. The two epidemic areas were 150 km apart and both situated in the fossil Saloum River basin. The outbreak in Kaffrine was rapidly recognized without delay in diagnosis. Twentyeight people died before investigations began and only 5 patients were hospitalized at Kaffrine although all villages are less than one hour away from the town. A social explanation was proposed by some village chiefs: YF jaundice was confused with other types of hepatitis which are usually considered mild and curable (e.g. endemic viral hepatitis A, malaria). As a consequence, only 14 patients from villages were hospitalized, all with severe symptoms. The case-fatality rate (CFR) of hospitalized cases was 86% (12/14). Immunity against YF virus before the outbreak reported liere was similar in all villages, with an overall rate of 60.4%. This high rate was not sufficient, however, to protect the populations from an epidemic. The incidence rates decreased significantly with age. On the contrary, the attack rate, in nonimmune persons, was remarkably stable in al1 groups (56.2%) ( Table 3 ). There was no significant difference between sexes, either for incidence or attack rate. The highest age-related YF immunity rate (91.6%) occurred in the >20 age group and the lowest in the 0-9 years age group (29.4%), which was also significantly different from the intermediate group aged 10-19 years (47%) ( Table 4) . Immunity for the youngest would thus be attributable to the EPI conducted since 1987 in Senegal; at best, one third of the children area appear to be protected against YF virus, which is a lower score than the official overall vaccine coverage of Senegalese children (46% in 1994). On the contrary, the high level of protection shown in the older age group could be related to the neighbouring Gambia epidemics in 1979 (Monath et al. 1980) , to mass campaigns of immunization along the border with die Gambia or to unreported natural infections.
In villages the density of the Aedes aegypti vector as assessed by high larval indices and land biting collections suggested a close association to humans. Aedes aegypti was found in adult and larval stages in all units visited. High larval indices in all villages favour man-to-man transmission by Aedes aegypti in this rural area. This domestic vector ensured YF virus transmission despite its low vector competence reported by Miller et al. (1988) (Figure 1 ) and had high larval indices ( Table 5) . These factors were determinant in the decision to extend the emergency immunization campaign, first to surrounding villagcs, then to Ibffrine and lastly to the entire district.
Two hypotheses could be proposed for the sparing of Kaffrine (no urban cases were hospitalized) although larvae indices there were high: Firstly, transmission starred in surrounding villages and did not reach the town at the time the outbreak was recognized; secondly, background immunity was higher in the urban population (though not estimated).
According to the Aedes aegypti transmission in a village, the only factor that determined the risk of YF disease was the YF-specific immune status as suggested by the constant attack rate (Table 3) . Unprotected children are at greatest risk of YF infection in Africa. The excess of cases among children has motivated WHO to improve vaccine coverage within the context of EPI (Tomori 1997) .
stages: the 1993-94 amplification of the wild cycle detected in the Kedougou area with sylvatic transmission vectors (TraoreLamizana et al. 1996) ; then the 1995-96 outbreaks, first in Koungheul -a remote area (Thonnon et al. 1998 ) -and then around Kaffrine. A preventive mass campaign after the 1993 wild cycle amplification would probably have avoided the occurrence of outbreaks. Since it presently reaches one of the major roads in Senegal, the risk of spread to major towns infested by Aedes aegypti must be reevaluated. In the last two outbreaks, the delay between the first YF cases and biological confirmation was particularly short (15 days) due to local capability of distinguishing between YF and other viruses, and of establishing differential diagnoses. The serosurveys were based on IgM immunocapture (MAC-ELISA and IgM take 2-3 months) (SaIuzzo et al. 1986 ). This biological procedure could be applied to active case detection during the season of high YF virus transmission (September-December). To improve the practicability, the test could be done on confetti. For each patient with jaundice, a drop of blood would be spotted on paper (confetti) and mailed to adapted laboratories for MAC-ELISA testing. Finally, improved vaccine coverage is the obvious manner to stop YF in endemic areas and to prevent its worldwide spread via travel. Two possibilities for YF control are available: preventive YF vaccination YS. emergency mass vaccination campaign for epidemic control. Cost-effectiveness varies according to the Re-emergence of YF in Senegal followed two different .scenario used in the model (Monath & Nasidi 1993) . For small outbreaks, EPI doubles the price per prevented case/ death compared to emergency mass campaign. Moreover, until EPI-induced immunity prevalence in all areas reaches a t least 60%, YF epidemics will remain a topical question.
